AD/A-002  850 


A STRUCTURAL  WEIGHT  ESTIMATION  PRO 

GRAM  (SWEEP)  FOR  AIRCRAFT.  VOLUME  I 
EXECUTIVE  SUMMARY  vuuuMt  I - 


L . A s c a ri  i 

Rockwell  International  Corporation 


•i  rr  i-i 


MaMil 


THIS  DOCUMENT  IS  BEST 
QUALITY  AVAILABLE.  THE  COPY 
FURNISHED  TO  DTIC  CONTAINED 
A SIGNIFICANT  NUMBER  OF 
PAGES  WHICH  DO  NOT 
REPRODUCE  LEGIBLY. 


SECURITY  CLASSIFICATION  pr  TmII  PACE  (Whan  Data  ICniatad) 


*®CuRITY  CLASSIFICATION  or  This  page  (Whan  Data  Untatad)  ftlj  / 

REPORT  DOCUMENTATION  PAGE 

' READ  INSTRUCTIONS 
BEFORE  COMPLETING  FORM 

1 REPORT  NUMBER  I ooVT  ACCESSION  NO. 

ASD/XR  74-10 

1 RECIPIENT'S  CATALOG  NUMRER 

4-  Title  (and  Mima) 

A Structural  Weight  Estimation  Program  (SWEEP) 
for  Aircraft 

Volume  I - Executive  Suninary 

S TYPE  OF  REPORT  4 PERIOD  COVERED 

s performing  org  report  number 

7 AUTHORS, 

L.  Ascani 

4 CONTRACT  OR  GRANT  NUMBER!  *J 

F33615-71-C-1922 

• PERFORMING  organization  name  ano  aooress 

Rockwell  International  Corp,  L.A.  Aircraft  Div 
Los  Angeles  International  Airport 
Los  Angeles,  California  90009 

10  PROGRAM  ELEMENT  PROJECT.  TASK 
AREA  A WORK  UNIT  NUMBERS 

FX2826-71-01876/C093 

' ' CONTROLLING  OFFICE  name  ano  AOORESS 

Deputy  for  Development  Planning 

Air  Force  Systems  Command 

Wright -Patterson  Air  Force  Base,  Ohio 

12  REPORT  0 ATE 

June  1974 

U NUMBER  OF  PAGES 

-S3  Zio 

14  MONITORING  AGENCY  NAME  • AOORESS!  1/  dillatani  trom  C on". tiling  Olliea) 

IS  SECURITY  CL  ASS  lot  thla  tapottj 

Unclassified 

1S«  OE  C L A SSI  Pi  C A T I ON  DOWNGPAOING 

scheoulc 

| <•  OlSTRiRyTlON  STATEMENT  fol  thta  Roporif  J 

.Approved  for  public  release;  distribution  unlimited. 


»7  OlST  Hi  0 U TiC  N ST  ATEmEnT  fpl  »hc  obatrmci  •mind  In  Block  20.  U dlllmrmni  from  Roooct) 


it  Supplementary  notes 

* » . '-it,. 

NATIONAL  TECHNICAL 

INFORMATION  SERVICE 

J i i.pa1*"  rf  f - rr.r»-i.>{« 

Sr  > • <1  • a i2{\' 

HEY  WORDS  f C onfmu*  on  rrv*r««  *<da  it  nocpoimry  mnd  Identity  bv  block  numbif; 

weight  estimation,  structural  weights,  integrated  computer  programs, 
preliminary  weight  estimation,  first-order  weight  estimations,  aircraft 
structure  weights,  aircraft  structural  weight  optimization,  flutter 
optimization  program,  structural  synthesis 

20  ABSTRACT  (Continue  on  rmwrom  aid*  II  nmcaaamry  mnd  Identity  by  block  numbmt) 

Three  computer  programs  were  written  with  the  objective  of  predicting 
the  structural  weight  of  aircraft  through  analytical  methods.  The  first 
program,  the  structural  weight  estimation  program  (SWEEP),  is  a completely 
integrated  program  including  routines  for  airloads,  loads  spectra,  skin  tem- 
peratures, material  properties,  flutter  stiffness  requirement  , fatigue  life, 
structural  sizing,  and  for  weight  estimation  of  each  of  the  major  aircraft 
structural  components.  The  program  produces  first-order  weight  estimates 

1473  EDITION  OF  I NOV  45  IS  OBSOLETE  ' { ' L~ 

I * SECURITY  CLA41IFICATION  OF  THIS  PAGE  (Whan  DalfTntarad) 


DD  f0nm 

UV  I j AN  71 


ICCuOITy  CL*IHHC*TiQN  Q t T»||  PAQIfUaw  OMi  Inter atf) 


and  indicates  trends  when  parameters  are  varied.  Fighters,  bombers,  and  cargo 
aircraft  can  be  analyzed  by  the  program.  The  program  operates  within  100,000 
octal  units  on  the  Control  Data  Corporation  6600  computer.  Two  stand-alone  pro- 
grams operating  within  100,000  octal  units  were  also  developed  to  provide 
optional  data  sources  for  SWEEP.  These  include  (1)  the  flexible  airloads 
program  to  assess  the  effects  of  flexibility  on  lifting  surface  airloads,  and 
(-)  thCT  flutter  optimization  program  to  optimize  the  stiffness  distribution 
required  for  lifting  surface  flutter  prevention. 

rhis  volume , Volume  I,  suircnarizes  the  program  and  its  capabilities. 


'u± 


SECURITY  CLASSIFICATION  OF  This  PAGE'IMi  an  Oaf*  Fnttrtd) 


NOTICES 


When  Government  drawings,  specifications,  or  other  data  are  used  for 
any  purpose  other  than  in  connection  with  a definitely  related  Government 
procurement  operation,  the  United  States  Government  thereby  incurs  no 
responsibility  nor  any  obligation  whatsoever;  and  the  fact  that  the 
Government  may  have  formulated,  furnished  or  in  any  way  supplied  the 
said  drawings,  specifications,  or  other  data  is  not  to  be  regarded  by 

• implication  or  otherwise  as  in  any  manner  licensing  the  holder  or  any 
, other  person  or  corporation,  or  conveying  any  rights  or  permission  to 

manuf acture , use,  or  sell  any  patented  invention  that  may  in  any  way 

* be  related  thereto. 


Publication  of  this  technical  report  does  not  constitute  Air  Force 
approval  of  the  report's  findings  or  conclusions.  It  is  published 
only  for  the  exchange  and  stimulation  of  ideas. 


P RE  FAQ: 


This  report  was  prepared  by  Rockwell  International  Corporation,  Los 
.Angeles  Aircraft  Division,  Los  Angeles,  California,  under  Contract 
F33615-71 -C-1922,  \o.  FX2826-71-01876/C093.  The  work  was  performed  for  the 
Deputy  for  Development  Planning,  Air  Force  System  Conmand,  Wright -Patterson 
Air  Force  Base,  Ohio,  and  extended  from  September  1971  to  June  1974. 

Eugene  L.  Bahns,  ASD/XRHD,  was  the  Air  Force  program  manager.  Leonard 
Ascani  was  the  program  manager  for  Rockwell  International.  Other  Rockwell 
personnel  contributing  to  the  project  included: 


G. 

Hayase 

- Mass  Properties 

R. 

Hiyaraa 

- Mass  Properties 

D. 

Chaloff 

- Mass  Properties 

C. 

la  rt  indale 

- Mass  Properties 

H. 

Rockwell 

- Mass  Properties 

R. 

.Allen 

- .‘lass  Properties 

P. 

Kildermuth 

- Airlcads 

G. 

Rothamer 

- Airloads 

T. 

Bvar 

- Airloads 

S. 

Siegel 

- Structural  Dynamics 

s. 

Me  11 in 

- Structure  and  Fatigue 

H. 

Ha.oldson 

- Thermodynamics 

D. 

Konishi 

- Advanced  Composites 

C. 

Hods on 

- Structural  Dynamics 

The  final  report  was  published  in  11  volumes;  the  complete  list  is  as 
follows: 

Volume 

I "Executive  Sumnary" 

II  "Program  Integration  and  Data  Management  Module" 

III  "Airloads  Estimation  Module" 

IV  "Material  Properties,  Structure  Temperature,  Flutter,  and  Fatigue" 

V "Air  Induction  System  and  Landing  Gear  Modules" 

VI  "King  and  Empennage  Module" 

VII  "Fuselage  Module" 

VIII  "Programmer ' s Manual" 

IX  "User's  ?bnual" 

X "Flutter  Optimization  Stand-Alone  Program" 

XI  "Flexible  Airloads  Stand-Alone  Program" 


1 


TABLE  OF  CONTENTS 


Section  Page 

I INTRODUCTION  S 

II  SHEEP  PROGRAM  DESCRIPTION  7 

Program  Capability  8 

Sweep  Structure  9 

Input  Data  Processing  Module  9 

Data  Bank  11 

Variable  Data  12 


Design  Data  Development  Modules 

12 

Data  ‘lanagenent  Module 

12 

Airloads  Module 

13 

Fatigue  Module 

13 

Flutter  and  Temperature  Module 

15 

Height  .Analysis  Modules 

16 

Structural  Synthesis  - Wing  and 

16 

Empennage  fMetal  Structure  Option) 
Structural  Synthesis  - King  and  Impennage 

16 

(Advanced  Composite  Options) 

Flutter  and  Loads  Support  Data  Generation 

16 

Program  Option 

19 

Structural  Synthesis  - Fuselage 

19 

Air  Induction  System  Module 

20 

Landing  Gear  Module 

23 

Output  Data  Process ;ng 

25 

III 

FLUTTER  OPTIMIZATION  ST  AND-,  TONE.  PROGRAM 

27 

IV 

FLEXIBLE.  AIRLOADS  STAND-ALONE  PROGRAM 

30 

V 

CONCLUSIONS 

32 

VI 

REFERENCES 

53 

Preceding  page  blank 


5 


LIST  or  ILLUSTRATIONS 


Figure  Title  Page 

1 SWT.LP  Structure 10 

2 Airload  checkpoints  14 

3 Structural  Synthesis  - Wings  and  Tmpennage  17 

4 Structural  Synthesis  - Fuselage  . 21 

5 Two-Dimensional  Air  Induction  System  22 

6 Landing  Gear  Arrangement  24 

Flow  Diagram  for  Flutter  Optimization  Program  28 

8 Wing  Diagram  for  Aeroelastic  Loads  Analysis  31 


LIST  OF  FAULTS 

Table  Page 

1 Group  Weight  Statement  Weight  Hmpty  Balance  Data  26 


4 

t - . 8 - ■“  - — . — 


Section  1 


INTRODUCTION 


The  science  of  configuration  synthesis  ;ind  optimization  of  advanced 
aircraft  characteristically  involves  broad-scope  system  trades  requiring  very 
rapid  response  to  design  perturbations.  Successful  advanced  design  operation 
requires  the  use  of  specialized  techniques  for  subsystem  and  structures  syn- 
thesis , sizing,  and  evaluation  which  differ  from  the  usual  analytical  proce- 
dures used  in  detail  design.  This  includes  their  flexibility  of  application, 
ability  to  function  without  large  amounts  of  input  data,  and  rapid  mode  of 
operation.  Without  a methodology  possessing  these  features,  structures  and 
subsystems  feedback  becomes  so  cumbersome  that  basic  aircraft  configuration 
parametric  exploration  must  be  severely  limited  in  the  interests  of  time  and 
funding.  .As  the  result  of  sucli  limitation,  the  risk  is  high  of  adopting  a 
less  than  optimum  basic  configuration  at  the  very  inception  of  a pro,  ~am, 
adversely  affecting  system  effectiveness  throughout  the  life  of  the  design. 
Hundreds  of  interdependent  variables  must  be  evaluated  in  the  concept  formula- 
tion stage  in  order  to  provide  the  necessary  information  for  intelligent  eval- 
uation of  these  variables  enabling  designers  to  identify  critical  areas  of 
performance  and  sensitivity. 

One  of  the  strongest  driving  functions  in  aircraft  configurations  is 
structural  weight.  This  is  true  both  because  of  the  sensitivity  of  nearly  all 
aircraft  performance  factors  to  vehicle  weight,  and  because  of  the  relatively 
high  fraction  of  gross  weight  which  is  attributable  to  airframe  structural 
weight.  In  addition,  structural  weight  is  one  of  the  most  highly 
configuration-sensitive  parameters  in  the  aircraft,  making  it  virtually 
impossible  to  separate  configuration  and  structural  synthesis  during  the  con- 
ceptual phases  of  design.  Unfortunately,  in  spite  of  its  importance  to  the 
advanced  design  process , structural  weight  has  traditionally  been  one  of  the 
most  difficult  of  the  design  parameters  to  determine.  This  is  true  primarily 
because  of  the  inherent  complexity  of  the  structural  analysis  task.  'Hie 
length  and  complexity  of  the  analytical  methods  used  in  detail  design  and 
analysis  render  them  unsuitable  to  the  synthesis  and  optimization  requirements 
of  advanced  conceptual  work. 

Previously,  structural  weight  estimation  programs  used  statistically 
derived  equations  which  had  severe  limitations  because  of  their  inherent 
dependence  on  existing  data.  The  accuracy  of  statistically  derived  equations 
decreases  rapidly  as  one  goes  beyond  the  limits  of  the  data  base  to  which  they 
were  correlated.  Secondly,  they  do  not  assess  the  merits  of  new  materials  or 
unique  design  features,  nor  do  they  reflect  the  actual  environment  (for 
example,  gust  loads,  required  life,  dynamic  inertia  loads,  temperatures , etc) 
in  which  the  aircraft  will  operate.  Tor  these  reasons,  it  became  necessary  to 
develop  analytical  structural  weight  estimation  progr;ims  based  upon  problem 
dependent  loading  and  design  considerations. 
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Stand-alone  weight  estimation  computer  urograms  were  developed  for  each 
major  component  of  the  airplane  including  fuselage,  wing  and  empennage,  land- 
ing gear,  and  air  induction  systems  as  well  as  secondary  structures.  These 
programs  were  expanded  and  new  modules  written  which  resulted  in  the  com- 
pletely integrated,  continuously  running  system  for  aircraft  stricture, 
entitled  "Structural  Weight  Tstimation  Program  (SWhliP) This  program  deter- 
mines structural  weight  of  aircraft  by  analytically  evaluating  the  effects  of 
loads,  fatigue,  stress,  flutter,  temperature,  mass  properties,  manufacturing 
constraints,  and  materials  in  one  computer  run. 

The  effort  covered  the  basic  SU'l.TP  program,  which  includes  a rigid  air- 
loads module,  a first-order  flutter  stiffness  method,  conventional  metal 
structure  synthesis,  and  advanced  composite  structural  synthesis.  Additionally, 
procedures  were  develojied  to  evaluate  the  effects  of  flexible  loads  and  flutter 
optimization  for  lifting  surfaces.  Hie  flutter  and  flexible  loads  procedures 
were  developed  as  stand-alone  programs  that  may  be  used  to  generate  data  inde- 
pendent of  the  basic  SWThP  program.  These  data  can  then  be  used  in  SWhl.P,  at 
the  option  of  the  user,  to  replace  the  requirements  data  generated  by  the 
built-in  loads  and  flutter  prognuns.  The  SKIJ.P  program  capabilities  are 
described  briefly  in  References  1 and  2.  The  rigid  airloads  mouile  and  the 
stand-alone  flutter  optimization  program  arc  presented  in  References  3 and  4, 
respectively. 

In  summary,  the  primary’  objective  of  the  effort  documented  in  this  report 
and  supporting  volumes  is  to  develop  analytical  computer  programs  capable  of 
predicting  the  weight  of  aircraft  structural  components  suitable  for  use 
during  the  conceptual  phase  of  the  aircraft  design  cycle. 
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SWEEP  is  a computer  program  with  major  engineering  analysis  modules 
structured  around  preliminary  design  procedures  and  integrated  into  a working 
program  that  can  completely  analyze  structure  weights  and  mass  properties  of 
major  vehicle  components. 

The  basis  for  the  structural  weight  analysis  in  SMdT  is  an  approx i mat  ion 
of  the  procedures  and  methods  used  in  the  actual  structural  analysis  anil 
design  processes  through  the  creation  of  an  engineering  description  of  the 
components  in  terms  of  physical  geometries,  design  criteria,  structural  siz- 
ings, and  mass  properties.  This  is  accomplished  tluough  mathematical  modeling 
procedures  and  the  adaptation  of  theoretical,  empirical,  and/or  statistical 
methods  to  a logical,  but  flexible,  interrelated  computational  procedure. 

The  engineering  objective  for  the  program  is  to  provide  rational  weight 
estimates  and  trend  prediction  data  early  in  the  design  cycle  based  on 
rational  engineering  principles,  procedures,  and  practices,  with  a computing 
system  that  can  respond  to  the  demands  of  the  configuration  analyst  by  allow- 
ing for  selection  of  various  design  options.  Synthesis  of  design,  sizing, 
and  mass  properties  data  are  geared  to  provide  analytical  assessments  to 
parameters  not  inherent  in  statistically  based  methods.  Hie  weight  prediction 
modules  of  SWlI.l’  are  structured  so  that  proper  evaluation  can  be  made  of  the 
effects  of  vehicle  environment  ;md  design  requirements  on  the  aircraft  struc- 
tural characteristics  through  assessments  of  design  loads,  dynamic  pressure, 
design  temperatures,  service  life,  and  ground  handling  requirements , etc,  and 
the  merits  of  structural  design  concepts  and  materials. 

height  prediction  of  primary  structural  components  are  based  on  physical 
dimensions  and  structural  size  requirements . The  structural  sizes  are  syn- 
thesized from  design  requirements  and  criteria  data  developed  from  evaluation 
of  configuration  design  criteria  by  special  analysis  routines.  Predicted 
weights  of  structural  components  for  which  analytical  procedures  cannot  be 
adapted  are  based  on  statistically  derived  weight  estimation  equations. 

In  a generalized  program  such  as  this,  synthesis  and  weight  analysis 
procedures  cannot  identify  all  the  structural  elements  and/or  provisions 
required  for  all  major  structural  components , nor  can  all  unique  design 
requirements  and  criteria,  novel  design  concepts,  etc,  be  accounted  for;  how- 
ever, assessments  are  made  and  weights  are  predicted  for  the  majority  of  struc- 
tural arrangements  encountered.  Accounting  is  made  for  program  inaccuracies 
and  for  normal  provisions  mid  requirements,  not  considered  by  the  analysis, 
through  a weight  indexing  program  correlation  scheme  using  indexing  constants. 
These  indexing  constants  are  part  of  each  weight  module  data  bank  ordered 
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such  that  they  can  he  revised  in  the  input  data  set.  The  degree  and  direction 
of  incremental  changes  to  these  inuexing  factors  for  the  most  part  must  be 
based  on  good  technical  engineering  judgment  and  understanding  of  program 
capability. 

PROGRAM  CAPABILITY 

SWEEP  has  the  capability  of  analyzing  several  types  of  aircraft,  their 
structural  components,  and  features  including: 

1.  Aircraft  - cargo,  attack,  fighter,  bomber 

2.  Structural  components  - wing,  fuselage,  horizontal  tail  or  canard, 
vertical  tail,  landing  gear,  engine  pylons,  engine  nacelles,  and/or 
air  induction  system 

5.  Features  - fixed  and  variable  sweep  wing,  pylon- mounted  or  -buried 
engines,  cargo  doors,  multiple  weapons  bays,  straight  or  curved 
wing  planforms , unique  loading  conditions,  advanced  composite 
lifting  surfaces,  design  speeds  up  to  mach  3,  canard  stabilizer, 
T-tail  arnmgement 

SWEEP  is  programmed  for  flexibility  as  a weight  estimating  tool.  Since 
the  type  of  problem  and  the  type  of  data  required  will  vary,  the  program  con- 
tains three  significant  operational  features: 

1.  The  capability  of  analyzing  a complete  air  vehicle  configuration, 
based  on  the  initial  set  of  assumptions. 

2.  The  ability  to  select  an  arbitrary  combination  of  components. 

3.  The  capability  of  running  any  number  of  cases,  including  combinations 
of  points  1 and  2,  for  each  setup  on  the  computer. 

The  structure  weights  predicted  are  results  of  analytical  procedures  in 
the  various  modules  that  make  up  the  program.  These  routines  interpret  and 
convert  problem  description  information  into  mathematical  and  engineering 
data,  resulting  in  a logical  description  of  the  air  vehicle  configuration  and 
design  criteria,  and  a three-dimensional  approximation  of  the  physical  geom- 
etry of  the  configuration. 

From  these  data,  design  requirements,  such  as  design  loads,  section 
geometries,  etc,  can  be  evaluated,  and  logical  selection  made  of  critical 
design  requirements.  /Also,  structural  concepts,  structural  design  parameters, 
and  materials  can  be  defined  for  the  structural  synthesis  routines. 
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SKEHP  STRUCTUR1 


Hie  basic  SWR1-.P  progr;un  performs  lour  categories  of  tasks:  input,  design 

data  development,  weight  analysis,  and  output.  It  is  comprised  of  a main 
overlay  and  IS  primary  overlays,  as  shown  in  Figure  1. 

The  use  of  an  overlay  structure,  coupled  with  other  programming  techniques 
(refer  to  Volume  VI II,  Progranmer 's  Manual),  permits  the  program  to  operate 
within  a computer  memory  of  100,000  octal  words  on  the  Control  Data  CPC  6600 
computer.  Mien  the  advanced  composite  torque  box  design  option,  Overlay 
( 1 S , 0 ) , is  not  required,  this  memory  requirement  reduces  to  less  than  50,000 
octal  words. 

The  physical  running  of  S1VPI.P  requires: 

1.  A program  tape  or  disk  file 

2.  A permanent  (default.)  data  bank  tape  or  disk  file 

5.  A deck  or  input  data  cards  (problem  description) 

The  problem  description  data  deck  consists  of  job  control  cards,  case 
title  cards,  and  a set  of  variable  data  cards  to  describe  the  design  problem. 
.Analysis  control  data  are  indicator  words  used  to  communicate  with  the 
analysis  control  routines  so  that  the  internal  logic  can  be  controlled.  In 
normal,  second- iteration  jobs,  approximately  800  tj  1,500  pieces  of  data  may 
be  required  (160  to  500  cards).  Initially,  the  maximum  input  data  capacity  is 
sized  to  14,000  pieces  of  data  (2,800  cards). 

The  total  program  operates  in  less  than  50,000  octal  core  locations  and 
one  level  of  overlay  ;ind  is  written  in  FORTRAN  IV  extended  programming  language. 


INPUT  DMA  PR'-\:i.S.Sl.NC  'IQPUIJ: 

The  input  data  set  consists  of  that  required  to  describe  the  types  of 
aircraft,  components , design  concepts,  and  features  which  SIVHHP  evaluates 
analytically.  In  addition,  SWP.hP  is  capable  of  accepting  data  in  various 
stages  of  refinements  including  initial  assumed  data  available  in  early 
stages  of  die  design  cycle  through  detail  design  data  resulting  from  a more 
formal  engineering  design  cycle,  lhose  include  discrete  design  loads,  flutter 
requirements,  etc. 
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Figure  1.  SWEEP  structure. 


The  primary  sources  of  data  include: 

1.  A three-view  drawing  or  other  description  of  the  configuration  so 
that  geometry  and  structure  arrangement  data  can  be  derived  and 
reduced  for  input. 

2.  A set  of  design  assumptions  to  describe  fully  the  performance, 
operating  envelope,  mission,  and  structure  design  concept  of  the 
configuration. 

Initially,  many  of  the  structural  design  criteria  are  based  on 
predetermined  values  of  parameters  in  accordance  with  requirements  specified 
in  MIL  8860-8870  series  specifications,  MIL  handbooks,  etc.  As  the  design 
progresses,  more  detailed  design  criteria  definitions  and  design  data  can  be 
used  to  override  any  data  stored  within  the  program. 


DATA  BANK 

The  SWEEP  permanent  data  bank  is  a tape  or  disk  file  containing  program 
constants,  fixed  tabulated  data  (such  as  required  for  estimating  wing  span 
load  distributions) , and  default  values  for  selected  locations  in  the  variable- 
data  input  decks. 

Data  bank  information  includes  the  following: 

1.  Aero  daca  for  loads 

2.  Spectrum  data  for  fatigue 

3.  Weight  constants  and  data  for  initial  weight  distribution 

4.  Flutter  analysis  constants 

5.  Material  property  description 

6.  Weight  analysis  constants  and  index  factors 

Each  block  of  the  input  variable  data  region  is  initialized  from  this 
bank  with  program  constants  and  default  parameter  values.  Provisions  and 
instructions  for  revision  or  extension  of  the  various  data  subsets  in  this 
bank  are  inherent  in  the  User's  Manual  input  data  descriptions  and  in  the 
program  internal  data  core  maps  provided  in  supporting  volumes. 
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VARIABLE  DATA 


This  set  of  data  must  include  information  such  as: 

1.  Geometry  descriptions  of  each  component  so  that  the  complete  air 
vehicle  can  be  described  with  a three-dimensional  approximation. 

2.  Air  vehicle  mission  and  loading  data. 

3.  Initial  assumptions  of  weight  distributions,  particularly  the 
fuselage  dead  weight  distributions.  These  data  must  include  esti- 
mates for  items  other  than  structure,  such  as  propulsion  systems, 
fixed  equipment  and  subsystems,  useful  load,  armament,  and  fuel. 

4.  Design  criteria,  structural  arrangement/concept  data  for  structural 
synthesis,  and  weight  analysis. 

5.  Structural  synthesis  weight  analysis  uata. 


DESIGN  DATA  DEVELOP  HINT  MODULES 
DATA  MANAGBIKN ,T  NDDIJLE 

The  primary’  purpose  of  the  data  management  module.  Overlay  (2,0),  is  to 
develop  mass  properties  data  required  for  the  execution  of  the  airloads 
module.  Overlay  (4,0).  It  also  provides  inertia  data  to  the  other  program 
modules . 

This  module  determines  vehicle  weight,  center-of- gravity  position, 
inertia  characteristics,  design  speeds,  design  limit  maneuver  load  factors, 
and  configuration  geometry  to  he  used  by  the  airloads  module.  The  airloads 
module  uses  these  data  to  determine  the  design  airloads  on  the  structural 
components  for  use  in  the  structural  weight  estimation  process.  The  airloads 
module  also  uses  these  data  to  determine  wing  bending  moment  spectra  for 
fatigue  evaluation. 

Since  the  structural  weight  estimation  modules  are  multistation  analysis 
programs,  loads  are  calculated  at  discrete  structural  stations.  Therefore, 
this  module  also  processes  and  transmits  data  to  the  weight  estimation 
modules,  which  insures  compatibility  between  airloads,  inertia  definitions, 
and  structural  geometry. 
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AIRLOADS  MODULI: 


fwo  main  branch  functions  are  used  in  the  airloads  module  to  calculate 
the  required  data: 


* The  limit  airload  branch  calculates  critical  gross  airloads  for  all 
structural  com}>onents  of  the  airplane  and  centers  of  pressure  for  the 
wing,  empennage,  and  fuselage  and  also  computes  the  distributed  shear, 
moments,  and  torsion  on  the  wing  and  empennage. 

# The  load  spectra  branch  calculates  the  fatigue  spectra,  for  the 
required  classes  of  airplanes,  for  use  in  the  fatigue  module,  'llie  out- 
put consists  of  wing  bending  moment  spectra  at  two  stations  along  the 
wingspan.  In  addition,  a taxi  spectrum  is  calculated  for  these  same 
two  wing  stations. 

A series  of  checkpoints  are  analyzed  within  the  airloads  module  to  find 
the  most  critical  design  conditions.  These  include  both  flans -up  and  flaps- 
down  cases,  as  well  as  critical  maneuver  and  gust  conditions  along  t lie  speed 
profile  of  the  aircraft  (Figure  2).  The  conditions  analyzed  include: 

1.  Maximum  positive  and  negative  maneuver 

2.  Positive  and  negative  vertical  gust  conditions 

5.  Lateral  gust 

4.  Pitching  and  yawing  accelerations 

5.  Flaps-down  maneuver 

6.  Flaps-down  1.0  g trim 

A selected  matrix  of  conditions  is  checked  which  is  a function  of  the 
airplane  type  and  the  probable  critical  flight  condition.  The  points  are  pre- 
programmed within  the  airloads  module  and  are  used  later  in  the  weight  mod- 
ules for  analysis. 


FAT  1 GUI:  MODULI. 

Service  life  requirements  are  evaluated  for  wing  tensile  covers  and  fuse- 
lage panels.  The  load  spectra  for  the  given  air  vehicle  and  mission  mix  may 
be  specified  or  calculated  by  the  airloads  module.  These  data,  along  with 


IS 


material  tensile  and  strain  behavior  propert ies , are  used  by  the  fatigue 
nodule  routines  to  evaluate  cumulative  fatigue  damage  on  the  tension  cover  of 
the  wing  bending  box  for  the  required  life,  scatter  factors,  and  assumed 
stress  concentration  factor.  The  stress  level  for  each  of  the  spectra  cyclic 
conditions  are  iterated  until  service  life  is  satisfied. 


The  output  of  this  analysis  is  a tension  cutoff  stress,  resulting  in  an 
ultimate  allowable  stress  less  than  or  equal  to  the  tension  ultimate  stress 
of  the  material. 

Material  behavior  properties  in  the  data  hard  include  steels,  titanium, 
and  various  aluminum  alloys. 


FLinrLR  AN!!  TBOTiRAHJlU.  'mild 

The  flutter  ;ind  temperature  module,  overlay  (5,0),  develops  the  flutter 
stiffness  criteria  used  by  the  torque  box  s'itfness  requirement  routines  in 
the  wing  and  empennage  module,  and  sets  up  skin  temperatures  associated  with 
tiie  input  set  of  design  flight  load  conditions.  Hie  results  are  saved  on 
disk  file  for  later  access  by  the  loads,  fuselage,  and  lifting  surface 
.modules. 

Part  of  the  torque  box  stiffness  estimation  method  is  applied  in  iVerlav 
C3,  )j  and  part  in  the  wing  module.  iVerlav  '5,0)  determines  the  maximum 
dynamic  pressure  at  which  each  lifting  surface  .’s  flutter- free  in  subsonic 
flight,  based  on  empirical  data.  The  actual  sp.uvwise  stiffness  requirements 
are  computed  within  the  wing  module. 

ihe  development  of  the  SWI.I.P  flutter  method  is  based  on  the  observation 
of  some  degree  of  correlation  between  the  flutter  speed  and  t Ire  static  aero- 
elastic  torsional  divergence  speed  of  an  equivalent  straight  wing.  The  corre- 
lation is  expressed  by  means  of  a parameter,  ce,  which  is  a function  of  aspect 
ratio,  sweep  angle , and  taper  ratio.  The  expression  for  the  parameter  was 
derived  from  an  envelope  curve  around  a large  number  of  points  corresponding 
to  theoretical  and  experimental  evaluations  of  flutter  speeds  of  a large 
variety  of  lifting  surface  types,  ihe  use  of  this  "torsional  divergence  cri- 
terion" greatly  simplifies  the  problem.  Ihe  aerodynamic  forces  are  not 
frequency-dependent , and  inertia  forces  are  eliminated  from  the  problem. 

The  method  determines  the  optimum  stillness  distribution  by  calculating  the 
stiffness  distribution  which  will  result  in  a constant  shear  stress  over  the 
span  of  the  wing  in  the  torsional  divergence  mode.  Naturally,  some  accuracy 
is  lost,  but  since  the  correlation  parameter  is  determined  from  actual  flutter 
data,  it  nay  be  thought  of  as  "taking  an  average"  of  inertia  and  otner  effects 
to  which  torsional  divergence  considerations  alone  cannot  relate. 
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WEIGHT  ANALYSIS  ttJlUIJ-S 


Previously  developed  analytical  weight  estimation  programs  provide  the 
basis  for  the  SWEEP  structure,  approach,  and  programming  procedures.  Hie 
design  data  routines  of  these  programs  provided  many  of  the  routines  of  the 
design  data  modules  of  SWEEP.  The  structural  synthesis  and  weight  analysis 
routines,  with  some  revisions  and  improvements , form  the  basis  for  the  five 
major  modules  of  the  weight  analysis  section. 


STRUCrURAJ.  SYNTHESIS  - WING  AND  EMPLNNAGE  fMI:TAI-  STTUK.TURI:  OPTION) 

Structural  con  :epts  that  can  he  synthesized  for  torque  Eox  analysis  of 
wing  and  tail  surfaces  include  multispar  and  multirib  constructions  for  covers, 
stringer-stiffened  front  and  rear  spars , ;md  corrugated  web  intermediate  ribs 
and  spars.  Covei  configurations  for  multispar  concepts  include  plate  and 
honeycomb  panels. 

In  multirib  concepts,  cover  designs  can  include  riveted  I stringer- 
stiffened  skins,  milled  plates  with  integral  Z's,  or  I -stiffeners,  as  shown 
in  Figure  3.  Column  general  stability,  local  web,  flange,  .'uid  sheet  crippling 
requirements  arc  analyzed  within  s])ccificd  constraints  so  that  strength  and 
stability  conditions  are  satisfied  with  the  best  distribution  of  material 
between  the  skin  ;inJ  stringer  elements. 

A sophisticated  search  system  has  been  developed  for  stringer  analysis. 
Basically,  the  synthesis  involves  searches  to  optimize  the  number  of  stringers 
or  stringer  spacings,  compression  allowables,  stringer-skin  geometries,  and 
optimum  rib  spacings. 

5TRULTJRA1.  SYNTH!  SIS  - WING  AND  l.MPLNNAGi:  (ADVANCE!!  CONDUSI'li;  OPTIONS) 

Inc  wing  and  empennage  nodule  also  includes  the  capability  of  synthesizing 
composite  material  stmctural  components  .and  predicts  their  weights  to  the 
same  first -order  level  as  the  metal  design  analysis. 

Ibe  program  is  capable  of  synthesizing  three  torque-box  design  concepts 
for  advanced  composite  materials.  The  parameters  considered  include  flexural 
moments,  shear  strength,  local  ;uul  general  instability,  torsional  and  flexural 
stiffness,  and  fabricat ion/manufacturing  constraints.  The  three  structural 
concepts  included  are: 

1.  Multispar,  unstiffened  skin  design  concepts 

2.  Multispar,  honeycomb  p;uiel  design  concepts 

3.  Multirib,  stiffened  skin  design  concepts 
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• MULTI  SPAR 


SEARCH  FOR  NO.  OF  SPARS 


• MULTI  RIBS 

- RIVETED  Z 

- INTEGRAL  Z 


- INTEGRAL  I 


SEARCH  FOR 

• NO.  OF  STRINGERS 

• ALLOWABLE  STRESS 

• OPTIMUM  GEOMETRY 


Figure  3.  Structural  synthesis  - wings  and  empennage. 


17 


p 


The  cover  synthesis  procedures  require  descriptions  of  lamina  (single-ply) 
properties  for  the  composite  material  under  consideration.  Iliese  are  similar 
to  the  ne*"^:  physical  and  mechanical  properties  required  for  metal  design; 
that  ij,  modulus  of  elastic;.* , shear  modulus,  Poisson's  ratio,  and  maximum 
compressive,  tension,  and  shear  allowable  stresses.  The  lamina  tliickness  and 
dens i t y must  a 1 so  I .e  s ; >ec  1 f 1 ed . 

Composite  cover  panels  consist  of  various  layers  of  lamina  (laminates) 
with  fiber  orientations  dependent  upon  the  critical  loads  the  structure  must 
resist  and  the  stability  .aid  stiffness  properties  which  must  be  met.  Many 
possible  combinations  exist  for  the  number  of  layers  and  orientations  to  meet 
strength,  stiffness,  and  stability  criteria.  The  synthesized  panels  are 
assumed  to  be  symmetric  in  layup,  each  half  panel  containing  three  sets  of 
lamina  witii  predetermined  orientations  with  t lie  number  of  plies  per  set  depend- 
ent upon  the  design  criteria.  The  orientations  for  these  sets  is  assumed  to 
be  0,  and  9u  degrees,  i'heta,  , is  preset  at  45  degrees. 

The  numbei  of  U- degree  plies  is  initially  selected  to  resist  the  cover 
spanwise  axial  loads,  flier.,,  the  number  of  45-deg.ee  plies,  in  the  multispar 
unstiffened  skin  case,  is  determined  by  assuming  that  f"p/t45>j  ] s will  not 
fail  in  general  instability  for  combined  loadings  of  compression  and  shear. 

The  45-degree  laminates  are  checked  for  stiffness  requirements  and  increased 
if  necessary. 

The  required  number  of  90-degree  plies  are  assumed  to  be  a nominal  per- 
centage of  the  total  o-  ;md  45-degree  plies,  a "rule  of  thumb"  solution,  since 
the  90-degree  orientation  requirements  cannot  be  determined  witii  the  available 
design  loads  ;ind  criteria. 

Honeycomb  panel  and  st i ffenel-skin  synthesis  procedures  are  treated  in  a 
similar  manner,  except  the  stability  analysis  for  these  types  of  cover 
designs  is  somewhat  more  complex,  ihe  honeycomb  analysis  requires  evaluation 
of  the  core  properties  .and  their  effects  on  the  stability  of  the  structure, 
while  the  stiffened  skin  analysis  must  treat  the  compatibility  and  interactions 
of  the  skin  ;uwl  stringer  at  tiie  design  jioint.  Local  instability  requirements 
such  as  wrinkling  ;uid  crippling  are  also  considered. 

Correlation  factors,  basically  weight  indexing  factors,  are  provided  for 
the  estimated  component  structures  of  the  torque  box.  The; e factors  are 
initially  the  same  as  those  used  for  metal  structures,  unless  the  user  indi- 
cates otherwise.  A schedule  for  minimum  number  of  plies,  minimum  gages,  and 
other  design  constraints  are  provided  in  the  data  bank,  along  with  composite 
material  properties. 
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FLUTTER  .VO)  MAPS  SUPIVWI'  DATA  QLVHRATION  PROGRAM  OPTION 

Because  of  the  connon  input  data  required  for  both  the  flutter 
optimization  and  the  flexible  loads  stand-alone  programs  previously  mentioned, 
this  option  is  available  as  a computerized  method  of  generating  the  required 
data  for  these  programs.  Since  the  basic  SWEEP  program  inherently  develops 
most  of  the  data  required  in  the  form  of  stiffness,  geometry,  speed  altitude 
envelopes,  etc,  required  for  the  flutter  and  airloads  stand-alone  program, 
this  data  generation  option  is  available  to  generate  input, output  data  that  are 
used  directly  with  the  flutter  and  flexible  loads  programs.  Additional  data, 
particularly  mass  properties  data,  are  also  developed  to  supply  information 
for  these  programs.  The  final  output  of  the  program  produces  all  data 
required  for  both  the  flutter  and  the  loads  module  in  the  torn  of  punched 
cards,  requiring  a minimum  of  additional  effort  in  setting  up  the  flutter  and 
loads  program  decks. 

The  data  generation  program,  combined  with  the  flutter  optimization  and 
flexible  loads  programs,  is  part  of  an  iterative  design  cycle  in  which  the 
effects  of  wing  flutter  stiffness  requirements  and  wing  flexibility  are 
optimized  for  optimum  spanwise  distributions  of  wing  torque-box  material. 

This  iteration  cycle  operates  with  SWEEP  in  a manual  node  with  the  stand- 
alone flutter  and  loads  programs  generating  data  in  tandem,  each  producing, 
as  output,  a deck  of  punched  data  cards  which  are  used  as  input  data  for  SWEEP. 

Data  punched  for  Jie  flutter  prognan  include  air  vehicle  speed  profile 
data,  wing  geometry  data  including  spanwise  torque-box  section  geometry  data, 
structural  1.1  (bending)  ;uid  '11  (torsional)  data  at  each  wing  station,  spanwise 
junc-i  weights,  '■riers  of  gravit",  .-md  ; orient s ol  inertia,  lach  card  is 
addressed  to  data  locations  required  by  the  flutter  program.  Flexible  loads 
analysis  program  data  include  all  the  required  configuration  and  component 
data  which  are  used  hv  the  ehicle  loads  analysis  module  of  the  basic  SWEEP 
program.  Additional  data,  including  wing  sp.-n-.ise  El,  (1J,  ;md  weight  distri- 
bution data,  arc  also  part  of  the  output  data  set. 

The  output  from  the  data  generation  program  includes  not  only  the  final 
weight  strzvirv  data  for  the  default  output,  hut  also  final  wing  torque-box 
structural  sizing  ;uui  weight  analysis  data,  component  airloads  data,  and  list- 
ings of  the  punched  data  for  each  program. 

STRUCTURAL  SYNTHESIS  - FI ISl.L-V It. 

The  fuselage  weight  analysis  module  includes  structural  synthesis  methods 
and  classical  mathematical  stress  analyses  routines  to  determine  the  weight  of 
fuselage  shell  structure. 
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The  major  synthesis  routines,  as  shown  in  figure  4,  include: 


1.  Net  design  loads  ;uia lysis.  Much  of  t he  fuselage  design  loads 
analysis  is  performed  within  the  fuselage  module,  since  loads  for 
the  various  design  conditions  are  dependent  on  fuselage  content 
weight  distribution  and  structural  arrangements. 

2.  Major  bulkhead  and  shell  analysis.  The  shell  analysis  considers 
longeron -shear  panel  arrangements  or  skin-stringer- frame  arrangements. 
Search  routines  are  included  which  optimize  stringer  spacing  for 
skin-stringer  fuselages.  Constraint  on  stringer  geometry  can  also 

be  included,  at  the  option  of  the  user,  to  determine  tiie  effect  of 
stringer  spacing. 

3.  Local  effects  analysis.  Local  effects  of  cutouts,  fuel  pressure, 
panel  flutter,  acoustics,  and  concentrated  loads  are  also  considered 
in  the  analysis. 


AIR  INDUCTION  SYSTIM  MMHJIJ. 

A variable -geometry  ramp  weight  est inviting  program,  as  shown  in  figure  5, 
for  two-dimensional  inlets  is  used  for  this  module.  The  program  is  an 
analytical  approach  to  weights  of  two-,  three-,  and  four -ramp  variable  geom- 
etry systems.  The  analysis  uses  as  variables  r;unp  pressure  differential, 
geometry,  and  material  properties. 

Pressures  are  programmed  as  either/or,  that  is,  the  individual  ramp  pres- 
sures can  be  specified,  if  available,  or  t lie  maximum  duct  pressure  is  inserted 
and  the  program  calculates  ramp  pressures  as  a function  of  the  duct  pressure, 
ihe  maximum  duct  pressure  -'audition  is  a transient  overpressure  referred  to  as 
hamncrshock.  lor  this  routine,  the  h: inner shock  pressure  is  programmed  as  a 
functior  of  the  duct  operating  total  pressure.  Hie  duct  total  pressure  is 
programmed  as  functions  of  the  vehicle  speed  altitude  profile  and  pressure 
recover,  versa-,  much  number,  iotal  pressure  is  computed  with  the  isentropic 
compressible  flow  equation  .and  MI L-NOdSH  specification  pressure  recovery  curve. 

ihe  individual  ramp  length,  width,  and  angles  are  input  data;  however, 
the  program  include.-,  assumed  ramp  angles  if  they  are  not  available.  Ihe 
program  presently  includes  eithcr/or  capability  fo,  the  locations  of  the 
ramp  rcac t i on  ' ac  t ua  tor ) jx>  i n t s . 
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Figure  5 


Two-dimensional  air  induction  system. 
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A three-dimensional  inlet  spike  weight,  either  expanding  or  fixed,  is  also 
available  in  this  program.  Three-dimensional  inlet  weights  are  obtained  by  a 
statistical  approach  for  first-order  weight  approximations  and  are  dependent 
on  the  speed  profile  of  the  air  vehicle  under  analysis. 


LANDING  GEAR  MODULE 

.An  analytical  approach  to  strut  weight  estimation  which  is  applicable  to 
both  main  and  nose  gear  is  used  in  order  to  add  weight  sensitivity  to  flota- 
tion requirements,  vehicle  landing  speed,  and  sink  speeds.  The  approach  taken 
in  this  program  is  to  accept  one  simplified  design,  shown  in  Figure  6,  and 
provide  sensitivity  by  creating  subprograms  involving  geometry,  running  gear, 
ground  loads,  stress  analysis,  deflection,  and  weight  calculations.  Indexing 
coefficients  are  provided  to  improve  the  absolute  value  of  the  landing  gear 
weight. 

Ground  loads  are  based  on  procurement  agency  specifications  and  are  pro- 
gramed as  a basic  part  of  the  estimating  process.  The  loading  conditions 
which  are  checked  include: 

1.  Two- point  level: 

a.  Maximum  vertical  load 

b.  Spin -up 

c.  Springback 

2.  Drift  landing 

3.  Braked  roll 

4.  Unsymmetrical  braking 

5.  lowing 

6.  Ground  turning 

The  applicable  conditions  are  checked  for  gear  loads  at  the  maximum  take- 
off weight,  maximum  landing  weight,  and  normal  landing  weight. 
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Figure  6.  Landing  gear  arrangement. 


Sink  speeds,  landing  speeds,  wing  lift,  and  tire  diameter  are  data 
specified  for  the  load  analysis.  If  the  landing  gear  load  factor  is  known, 
it  can  be  entered  and  the  program  will  bypass  load  factor  calculations.  Any 
available  loads  can  be  included  as  input  data,  while  unavailable  loads  are 
calculated  within  the  program.  Vertical,  side,  and  drag  loads  are  converted 
to  axial  loads,  bending  moments,  and  torsion  at  two  sections  on  the  inner 
cylinder. 

The  weights  of  the  landing  gear  struts  are  computed  from  the  D/t  estab- 
lished in  the  stress  analysis  portion.  To  provide  a weight  allowance  for 
lugs,  axles,  bearings,  retract  mechanisms,  etc,  a statistical  equation  is 
used.  This  allowance,  plus  the  weight  of  the  wheels,  brakes,  and  tires,  pro- 
vides the  weight  of  the  complete  landing  gear  system. 


OUTPUT  DATA  PROCESSING 


For  any  problem  run  on  SMTP,  the  output  data  are  controllable.  The 
basic  output  is  a weight  summary  of  the  analysis,  as  shown  in  Table  1,  which 
summarizes  the  calculated  structure  weight  and  balance  data  combined  with  the 
assumed  weight  and  balance  data  for  propulsion,  fixed  equipment,  useful  load, 
and  armament.  A second  tabulation  of  the  initial  assumption  is  printed  for 
evaluation  of  the  results. 

Optional  output  that  can  be  printed  through  control  card  indicators 
include  three  major  types : 

1.  Details  of  weight  analysis  results 

2.  Details  of  structural  synthesis  results 

3 Details  of  design  data  and  requirements 
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TABLE  1.  GROUP  WEIGHT  STATEMENT  WEIGHT  B1PTY  BALANCE  DATA 


Parameter 

Weight 

Horizontal  Arm 

Weight  Empty 

126,122.50 

943.11 

Wing 

35,793.93 

972.28 

Horizontal 

3,329.01 

1,842.00 

Vertical 

3,240.07 

1,741.13 

Body 

27,579.29 

971.30 

Main  gear 

8,366.27 

991.77 

Nose  gear 

674.64 

354.75 

Surface  controls 

3,714.00 

1,121.80 

Engine  section 

3,847.98 

806.92 

Other  structure 

0.0 

0.0 

Engine 

18,759.00 

774.10 

Accessor)’  gearboxes 

0.0 

0.0 

Air  induction  system 

611.50 

679.91 

AIS  actuation  and  controls 

0.0 

0.0 

Exhaust  system 

3,577.00 

845.67 

Cooling  and  drains 

144.00 

803.90 

Lubricating  system 

212.00 

840.80 

Fuel  system 

1,380.00 

953.40 

Engine  controls 

236.00 

666.20 

Starting  system 

320.00 

768.30 

Auxiliary  power  unit 

554.00 

844.70 

Instruments 

1,122.00 

545. CO 

Hydraulic 

1,489.00 

881.90 

Electrical 

2,650.00 

657 . 50 

Electronics 

2,347.00 

592.40 

Armament 

0.0 

0.0 

Furnishings 

3,320.00 

596.80 

Air  conditioning 

2,648.00 

809.90 

Photographic 

0.0 

0.0 

Auxiliary  gear 

95.00 

1,228.00 

Other  equipment 

113.00 

300.00 
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Mirni.R  optimization  stand-, 1 vijonh  program 


Die  stiffness  of  modem  aircraft  structures  is  determined  to  a great 
extent  by  the  phenomenon  of  flutter.  If  stiffness  distributions  are  not 
properly  optimized  for  flutter,  aircraft  structures  can  become  significantly 
heavier  than  necessary.  As  stated  previously,  the  preprogrammed  flutter  pro- 
gram used  with  the  basic  SMiliP  program  is  a simplified  approach  to  the 
determination  of  flutter  stiffness  requirements.  This  is  because  of  SWHIiP 
program  computer  limitations  and  the  program  objectives  of  first-order  weight 
approximations  of  the  original  contract.  To  enhance  SWHHP  weight  estimations, 
an  existing  flutter  program  was  modified  as  a separate  stand-alone  program. 

This  program  will  optimize  the  distribution  of  strength  and  stiffness  require- 
ments throughout  the  span  of  a lifting  surface,  thereby  providing  the  lightest 
possible  structure  consistent  with  strength  and  stiffness  requirements. 

The  optimization  method  has  been  programmed  to  provide  classical  flutter 
stability  of  an  aerodynamic  surface  up  to  a given  required  speed  in  one  pass 
through  the  digital  computer.  This  flutter  stability  is  achieved  through  an 
iterative  process  that  performs  in  each  iteration  the  complete  flutter  analy- 
sis and  the  necessary  ii;v remental  structural  changes  to  raise  the  flutter 
speed.  These  changes  aie  based  on  the  concept  that  the  most  efficient  distri- 
bution of  structural  material  for  a given  loading  is  one  that  provides  uni- 
form stress,  or  its  equivalent  of  constiint  strain  energy  per  structural  volume, 
throughout  the  deformed  structure.  The  flow  diagram  of  figure  7 indicates  the 
general  sequence  of  the  method. 

The  analysis  starts  with  the  strength- required  structure.  A sufficient 
number  of  modes  are  calculated  in  the  vibration  analysis  for  incorporat ion  into 
the  flutter  analysis.  The  modal  flutter  equations,  which  are  currently  pio- 
grammed  to  calculate  automatically  strip  theory  generalized  aerodynamic 
forces  for  a spectrum  of  reduced  frequency  values  based  on  the  frequency  range 
of  the  vibration  modes,  are  solved  for  the  classical  velocitv-damping- 
frequency  solutions.  The  strain  energy  per  structural  volume  is  then  calcu- 
lated for  the  mode  that  goes  unstable  at  the  lowest  speed.  The  structural 
stiffness  is  adjusted  to  increase  the  flutter  speed,  and  the  new  structure, 
both  stiffness  and  inertia,  is  incorporated  in  the  mathematical  model.  The 
entire  process  is  repeated  until  a structure  is  obtained  for  which  the  lowest 
unstable  speed  exceeds  the  required  speed. 
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Figure  7.  Flow  diagram  for  flutter 


optimization  program. 


The  structural  mathematical  model  of  the  method  assumes  a spanwise  box 
beam  lying  along  the  elastic  axis  of  .an  aerodynamic  surface.  The  beam  is 
divided  into  a finite  number  of  sections,  each  of  which  is  allowed  to  bend  and 
twist.  The  stiffness  properties  arc  described  in  terms  of  spanwise  distri- 
butions of  bending  (11)  and  torsional  (YJ ) stiffness.  The  inertial  properties 
are  described  La  terns  of  structural  and  nonstructural  weight,  center  of 
gravity,  and  chordwise  and  spanwise  moments  of  inertia  for  each  beam  section. 
The  program  is  capable  of  including  root  and  outboard  break  flexibilities,  as 
well  as  the  addition  of  external  stores. 

The  aerodynamic  forces  used  in  t he  program  are  derived  from  subsonic 
strip  theory,  with  the  user's  option  of  modifying  the  spanwise  local  lift 
curve  slope  and  chordwise  aerodynamic  center  to  account  lor  compressibility 
and  aspect  ratio  effects. 

Output  data  are  in  the  form  of  spanwise  stiffness  requirements  for  one 
lifting  surface  and  are  in  a format  compatible  as  an  optional  external  input 
to  SWEEP  in  the  form  of  punched  cards  so  that  data  can  be  read  directly  from 
one  program  to  the  other  with  no  intermediate  steps. 

This  flutter  program  will  optimize  nedium-to-high  aspect  ratios  and 
nedium-to-low  sweeps  for  one  lifting  surface,  and  represents  a significant 
step  in  the  optimization  of  lifting  surface  structure. 
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Section  IV 
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.-Vs  a neons  of  providing  ;ui  alternate  source  of  loads  data  for  use  with 
the  SWEEP  program,  a flexible  loads  program  was  also  developed.  This  program 
uses  as  a base  an  existing  preliminary  design  aeroelastic  method  which  is 
formulated  to  compute  the  effect  of  wing  flexibility  on  the  air  vehicle  com- 
ponent loads.  The  basic  SWEEP  program  calculates  load  on  a rigid  airframe 
basis,  while  this  program  redistributes  airloads  along  the  span  taking  into 
account  the  aeroelastic  effects  on  lift  due  to  ;mgle  of  attack  .and  lift  due  to 
vertical  acceleration.  It  requires  ikJ  and  HI  stiffness  distributions  as  input 
data  as  well  as  mass  properties  data.  Its  output  is  in  the  form  of  airload 
shears,  bending  moments,  and  torsion  on  the  lifting  surfaces  of  the  air 
vehicle. 

The  methods  used  to  calculate  the  redistributed  wing  loads  are  based  on 
stri’p  theory.  The  wing  is  divided  into  a number  of  equally  spaced  chordwise 
strips,  as  shown  in  figure  8.  Two  structural  influence  coefficient  jx>ints  are 
used  on  tiie  centerline  of  eacli  strip,  with  values  of  the  structural  influence 
coefficients  computed  from  input  E.l  and  CJ  data. 

The  program  requires  external  input  data  consisting  of  airplane  geometry 
data  identical  to  that  used  by  the  airloads  module  in  SWEEP,  the  wing  El  and 
111  distribution  and  elastic  axis  location,  and  the  specific  flight  condition 
(balance  maneuver,  vertical  or  lateral  gust,  and  pitching  or  yawing 
acceleration),  mach  number  and  altitude  combinations,  limit  maneuver  load 
factors,  pitching  and  yawing  accelerations,  airplane  weight  and  center  of 
gravity  location,  and  estimated  wing  weight  distribution.  The  program  calcu- 
lates the  airload  and  center-of-pressure  location  of  each  airplane  component 
and  the  airload  shear,  bending  moment,  ;md  torsion  distribution  on  the  wing 
and  empennage  surfaces,  all  for  each  of  the  specified  flight  conditions.  The 
output  data  consist  of  these  calculated  airloads  ;md  are  also  in  the  form  of 
punched  cards  compatible  as  an  optional  external  input  to  SWEEP. 
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Figure  8.  Wing  diagram  for  aeroclastic  loads  analysis. 


Section  V 


CONCLUSIONS 


Use  of  automated  analytical  systems  for  advanced  design  has  been 
demonstrated  and  lias  shown  substantial  reduction  in  turnaround  time.  The 
analytical  methods  used  in  Sl’.TIii’  liave  been  correlated  through  years  of  opera 
tion  and  have  been  successfully  demonstrated  using  existing  aircraft  as  base 
lines.  The  sensitivity  of  analytical  methodology  to  changing  criteria, 
materials,  and  construction  methods  is  a must  in  today's,  and  the  future's 
rapidly  changing  technology.  Accurate  assessment  of  these  technologies,  not 
possible  without  analytical  approaches  to  the  problem,  must  be  encouraged  to 
provide  trade  data  for  intelligent  assessment  of  technological  impacts. 
Future  development  will  bring  more  computer  automation  techniques  and  more 
extensive  use  of  interactive  graphics.  The  programs  available  today  are 
beginning  to  show  the  potential  for  weight  and  cost  savings  associated  with 
the  development  of  future  aerospace  vehicles. 
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